Purpose -The purpose of this paper is to develop a quantitative risk assessment method for agricultural products cold chain logistics to assess the condition of the fresh agricultural products cold chain process objectively and accurately. Design/methodology/approach -A risk assessment index system of agricultural products cold chain logistics is designed on the basis of the risk identification for the process of agricultural products cold chain logistics. This paper first uses catastrophe progression method and a new maximum deviation method to build an improved catastrophe progression assessment model for agricultural products cold chain logistics. In order to verify the reliability and validity of the model, two representative enterprises are selected as the case in the study. Findings -The results in the empirical research indicate strong support for the assessment model and coincide with the reality. The risk assessment index system can also reflect the key risk factors from agricultural products cold chain logistics scientifically. In addition, the improved catastrophe progression assessment method proposed in this paper can be scientific and reasonable to predict risk. Research limitations/implications -This paper contributes to provide a new risk assessment model for agricultural products cold chain logistics. The new model overcomes the limitation of subjective empowerment and it increases the objectivity and scientificity in the process of cold chain logistics risk assessment. This paper also shows that practitioners involved in the field of products cold chain logistics can manage the potential risk by a set of scientific methods for assessing the risk before the accident. Practical implications -The paper provides a practical guideline to practitioners, especially for cold chain logistics managers, relevant management departments, and cold chain logistics management consultants. It is proved that the new risk assessment method and the risk assessment index system of agricultural products cold chain logistics can help them assess the risk scientifically and reasonably. Originality/value -Although the calculation is simple, the new model can overcome the limitation of subjective empowerment scientifically and reasonably, and thus has important practical value.
Introduction
In recent years, with the overall improvement of people's living standards, consumers demand for the market of fresh agricultural products has been expanded rapidly and food safety issues has also been a great deal of attention. Fresh agricultural products have some characteristics, such as a short shelf life, great demand of the market, high requirements for storage and transportation technology, so the appropriate operation mode and efficient information management system play an important role in ensuring products quality, especially in the stage of cold chain logistics (Manning et al., 2006; Jin et al., 2013) . As the intermediate links of consumers and suppliers, cold chain logistics play a very important role in terms of quality of agricultural products. However, there is a big risk in the logistics operation of each link since fresh agricultural products in the process of the cold chain logistics operation are not completely under the certain specific environment, so it is vital to study how to assess the risk of cold chain logistics objectively and accurately and avoid the risk effectively.
For decades, with the development of technology boom and the rise of globalization trend, cold chain logistics has got a systematic promotion and application, and it has formed a comprehensive and integrated cold chain system. The earliest and most fruitful field research on cold chain logistics is the study of the pharmaceutical cold chain logistics. Then, it has been gradually extended to the cold chain logistics of processed food and agricultural products. At present, most scholars research on cold chain logistics mainly concentrate in the field of technology. From the perspective of technology, Lixin et al. (2013) proposed a new enzymatic Time-temperature indicators (TTI）based on enzyme reaction and diffusion. They proved the new TTI has a good stability and reliability at dynamic storage conditions and it could be used to monitor the fresh products during the cold chain logistics. Yujun et al. (2015) put forward a monitoring and decision system based on wireless sensor networks (WSN) and ontology which presents great advantages such as effective regulation, low power consumption, and accurate ontology-based analysis. Kuo and Chen (2010) developed an advanced multi-temperature joint distribution system for the food cold chain, which provides a new scheme for continuously temperature-controlled logistics. It can also jointly deliver and store multi-temperature goods. In order to improve the efficiency of monitoring system for frozen and chilled aquatic products, a temperature monitoring system based on WSN with compressed sending was developed, which provides effective decision support traceability for quality and safety assurance of frozen and chilled aquatic products (Xinqing et al., 2016) . Xinqing et al. (2015) also indicated that the WSN and adaptive optimal weighted data fusion methods could effectively reflect the real-time temperature and quality property. Xuefeng et al. (2012) proposed a new cold chain logistics system based on cloud computing, which can be used to link the database between cold chain logistics with external customers. It can accelerate the speed of cold chain logistics and maximize the interests of all parties.
At present, the academic research on agricultural products cold chain logistics has not yet built a complete research system and it mainly focuses on the cold chain logistics technology and temperature controlling, such as the methods and means to maintain a stable temperature in the process of refrigerated and frozen (Shabani et al., 2012) . Abad et al. (2009) demonstrate the intercontinental logistics chain of fresh fish and put forward the application of RFID smart labels for food cold chain monitoring and analysis. Hans Rediers et al. (2008) use experiments show that small fluctuations in supply chain was little affected on temperature, but a great influence on microbial activity that affected the quality and safety of agricultural products. A wireless sensor network can be used to monitor the milk temperature in the process of transportation, which makes the microprocessors, wireless transmitting device and battery placed within the milk bottle cap (Carullo et al., 2009) . James et al. (2006) elaborate the modeling of food temperature, microbial growth and other parameters in the transportation of food. Since fresh agricultural products can cause huge losses in the process of transportation, an "intelligent container" is able to precisely monitor the condition of agricultural products, as well as track its geographical position (Lutjen et al., 2013) . By doing berry logistics field studies, Cecilia et al. (2014) show that a significant reduction of up to 98 percent in the root-mean-square-error difference between the product temperature and air temperature, which has a great improvement in logistics quality of fresh fruit and vegetable. For the research of cold chain performance assessment, Defraeye et al. (2016) propose a comprehensive performance evaluation of the fresh-produce cold chain by studying the ambient loading of citrus in refrigerated containers. Joshi et al. (2011) develop a Delphi-AHP-TOPSIS-based benchmarking framework to evaluate the fresh products cold chain performance of a company.
As for the field of risk assessment and management, scholars have done a lot of academic studies, especially in quantitative research. Grassi et al. (2009) and Cieslak (2011) propose a method of risk assessment model based on fuzzy logic theory. A fault tree analysis method is proposed to assess the different target risk (Caputo et al., 2004; Acosta and Forrest, 2009; Gierczak, 2014) . Wang and Elhag (2006) design a fuzzy topsis method based on α level sets and presents a nonlinear programming solution procedure to assess the risk of bridge. Liyuan et al. (2010) researched the ingestion risks of metals in groundwater based on TIN model and dose response. Fabre et al. (2006) according to the bayesian modeling of aphid population dynamics studied the risk of barley yellow dwarf disease. In conclusion, abundant studies focused on the methods of risk assessment and their application in various fields has been relatively mature.
In the literature, though there are many papers researching on cold chain logistics, most of them are mentioning cold chain technology, especially in the temperature control technology. There are few scholars to study the cold chain logistics from the perspective of risk assessment. On the other hand, different methods of risk assessment have their own characteristics and advantages, but most of them exist subjective bias of decision-making process and the final results. Therefore, using a scientific method to analyze the system risk of agricultural products cold chain logistics is a kind of breakthrough itself. This paper takes the system risk of agricultural products cold chain logistics as the research object and combines catastrophe progression method, which is the important application branch of catastrophe theory, with the maximum deviation method to construct the assessment model of agricultural products cold chain logistics risk based on the improved catastrophe progression method. The example analysis proves that the assessment model of improved catastrophe progression can be used to overcome the strong subjectivity and difficult operation in the traditional assessment method, and the result does not lose scientificity and rationality. Moreover, the model can locate the specific risk system of agricultural products cold chain logistics precisely, and it has important practical and promotional value.
The remainder of the paper is organized as follows: in the second section, the applicability of catastrophe theory for the risk system of agricultural products cold chain logistics is discussed, and the assessment model of improved catastrophe progression is constructed by introducing the method of maximum deviation. We build the risk assessment index system of agricultural products cold chain logistics in the third section. Two agricultural products cold chain logistics enterprises are selected to verify the model in the fourth section. In the conclusion section, we analyze the results, and summarize the limitations of this study and some possible directions of future researches.
2. Methodology: an improved catastrophe progression model 2.1 The basic principle and steps of catastrophe progression method As one of the three theories of new system science, catastrophe theory was proposed by French famous mathematician Rene Thom in the late 1960s. Regarding the topology as a tool, based on the structural stability theory, catastrophe theory belongs to a kind of complexity science theory, which is based on numerous cross mathematical methods (Golubitsky, 1978) . In the process of system from a stable configuration to another, catastrophe theory aims to reveal the objective laws of thing qualitative change through the study on the stability of structure of things. Although the theory is based on complex mathematical, it is not difficult to understand its application model, so the theory is well used for decades in the field of natural sciences, biology and social sciences. Potential system is the main object of catastrophe theory research, which depends on the interaction 1802 IMDS 117,9 of each component in the system and the relevance size of the system and the external environment which can be, respectively, described by state variables and control variables (O'Shea, 2001) . Rene Thom proves that there are only seven types of catastrophe when the number of state variables is not more than 2 and the number of control variables is no more than 4, which are cusp catastrophe, swallowtail catastrophe, fold catastrophe, butterfly catastrophe, oval umbilical point catastrophe, hyperbolic umbilical point and parabolic umbilical point catastrophe, respectively (Zeeman, 1979) .
Catastrophe progression method, which combines catastrophe theory with fuzzy mathematics, is used to assess the target comprehensively. The biggest characteristic of this method is that it does not need to give weight to each index. On the contrary, this method takes into account the relative importance of each index, thus it reduces the subjectivity, yet scientific and rational, and its calculation is simple, which has important practical value. This is also the reason why the catastrophe progression method is selected as methodology in this paper. First of all, according to the requirements of catastrophe progression method, the target body is decomposed based on the importance of multifactor and multi-level to establish the objective subject of hierarchical structure model. And then catastrophe fuzzy subordinate function is deduced by the catastrophe theory and fuzzy mathematics, and the normalized formula is hierarchically calculated and a parameter is resulted, which is called the total catastrophe fuzzy subordinate function value. In the process of catastrophe progression comprehensive assessment, the lower hierarchical assessment index is considered as a control variable of the upper hierarchical assessment index.
The applicability of catastrophe theory for agricultural products cold chain logistics
As a widespread phenomenon in the nonlinear complex system, catastrophe is a kind of discontinuous state transition process which is caused by the continuous change of the external environment. By the definition of agricultural products cold chain logistics, it is known that there are various factors affecting the degree of system risk for agricultural products cold chain logistics and these factors affect the entire risk system individually or collectively. Therefore, the risk system of agricultural products cold chain logistics is a complex system composed of many factors. The system undergoes continuous and discontinuous changes through the complex nonlinear relationship between various factors. As a result, agricultural products cold chain logistics risk appears in the form of gradual change or catastrophe, and it would be easy to make its logistics risk changes suddenly when several influence factors of the system vary at the same time. In general, the characteristics of external systems can be divided into more stability, sudden jump, hysteresis, unreachability, divergence, and catastrophe theory can be used to study the system if the external state of a system satisfies two or more features.
As a part of the system theory, catastrophe theory has the integrity and scientific in the analysis of the system of agricultural products cold chain logistics, which has a complex structures of "person -fresh agricultural products -environment." 2.3 Construction for catastrophe progression model 2.3.1 Building a hierarchical structure assessment model based on the index system. According to the requirements of the catastrophe progression method, decomposition should be done inside the research target system to establish a hierarchical assessment index system composed of multiple factors. Because a certain state variables corresponding to the number of control variables is no more than four in the existing types of seven kinds of elementary catastrophe functions now, the number of index in each hierarchy structure should not exceed more than four (Zhang et al., 2009 ).
Before using catastrophe progression method to assess, we should take each index into the order according to their importance. In order to overcome the subjectivity of various index sequence, the maximum deviation method is introduced to calculate the weight of each index to realize the minimized subjective bias for the final assessment results. The basic principle of the method of maximum deviation is to get results by calculating the ratio size of the total deviation of a specific index and the total deviation of all indexes in the system. The higher is the ratio, the greater is the importance (Wang, 1998) . Though maximum deviation method is suitable for the sequence of various indexes from the risk system especially, the use of this method often only consider variable weight which are caused by the differences between property values. Instead, it ignores the attribute weight for the assessment index itself. Therefore, the maximum deviation method is improved in this paper. The new method considers variable weight and attribute weight at the same time.
The improved maximum deviation method can be described as follows.
Step1: dimensionless processing for the original data of the underlying index. The Min-Max standardized processing method is used in the paper. If it is a positive index, the higher value is better, and the data can be shown as:
If it is a reverse index, the lower value is better, and the data can be represented as:
where P ij represents the raw data for the No. i assessment object and the No. j assessment index. P max ( j) represents the maximum number of index j. P max ( j) represents the minimum number of index j. z ij represents an index value after standardization process. And where:
Step2: establishing the solving model of improved maximum deviation method for the optimal weight vector. Assuming that the variable weight vector and attribute weight vector of a specific hierarchy, respectively, are W n ¼ ðw n 1 ; w n 2 ; Á Á Á ; w n m Þ and W ¼ (w 1 , w 2 , …, w m ). The decision matrix after standardized procession is labeled Z ¼ (z ij ) n×m . Then standardized weighted decision matrix can be determined as follows: For a specific index j, setting d ij as the sum of the deviation of a specific assessment object i and all other assessment objects in the same index. So d ij can be defined as the following:
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The sum of the deviation of index j can be represented as:
So the total deviation of the index system can be described as follows:
Based on the above analysis, we can construct a deviation optimization model combined with the related conditions. The model can be described as follows:
Step3: solving the deviation optimization model. Processing Formula (6) by Lagrange method, we can get result as following:
Then using partial derivative to deal with Formula (7) and we can get optimal parameters as Formula (8) by introducing the normalization process to solve the partial derivative result:
The weight vector W n ¼ w n 1 ; w n 2 ; Á Á Á ; w n m À Á is the optimal solution. Step4: for a multi-level structure of assessment index system, the importance of the upper index will be decided by the total utility value from the corresponding lower indexes. The total utility value is equal to the sum of the product of the corresponding index weight value (both variable weight and attribute weight) and its relevant assessment object data.
2.3.2 Determine the different types of catastrophe system for assessment objective. Rene Thom in his catastrophe theory proves that when the state variable is in one-dimensional there are four kinds of elementary catastrophe model. They are: cusp catastrophe, swallowtail catastrophe, fold catastrophe and butterfly catastrophe.
When the control variable is one-dimensional, it is a fold catastrophe and its potential function can be represented as follows:
When the control variable is two-dimensional, it is a cusp catastrophe and its potential function can be represented as follows:
When the control variable is three-dimensional, it is a swallowtail catastrophe and its potential function can be described as follows:
When the control variable is four-dimensional, it is a butterfly catastrophe and its potential function can be described as follows:
where f (x) represents the potential function of catastrophe system; x represents a state variable of catastrophe system; a, b, c, d represent the different control variables for the state variable and their order is determined by their degree of importance (Figure 1 ). 2.3.3 Deducing the normalization formula by bifurcation equations of catastrophe system. According to the catastrophe theory, equilibrium surface is a set of all critical points of potential function, and its equation is f ′(x) ¼ 0. The singular set equation of equilibrium surface can be described by f ″(x) ¼ 0. Then the equations f′(x) ¼ 0 and f″(x) ¼ 0 are synthesized to get the equations of bifurcation points set, which indicates that they are the focus of the catastrophe theory research. The bifurcation equation can be expanded in the form of decomposition and the normalization formula would be deduced ultimately. There are three common normalization formulas in the catastrophe system.
Normalization formula for the cusp catastrophe system can be represented as:
Normalization formula for the swallowtail catastrophe system can be represented as:
Normalization formula for the butterfly catastrophe system can be represented as: 2.3.4 Decision selected principles for catastrophe system. In the end, we can get the total catastrophe subordinate function value by calculating the different levels of evaluation index hierarchically with the normalization formulas. As for the choice of decision variables in the calculation process, we combine with the multi-objective fuzzy decision theory and follow two basic principles, which are complementary principle and non-complementary principle, according to the different direction that the control variables impact on the state variable. When the control variables in the system relate to each other, we will choose complementary principle and the value of the state variable is equal to the average value of the corresponding different control variables after normalization calculation. Instead, when the control variables in the system do not relate to each other, we will choose non-complementary principle and the value of the state variable is equal to the minimum value among the corresponding different control variables after normalization calculation (Chen and Yang, 2013) .
3. Assessment index system of agricultural products cold chain logistics risk 3.1 The basic principles of assessment index system construction Construction assessment index system of agriculture products cold chain risk is the basis for the study of this paper, only when a reasonable assessment index system of agriculture products cold chain risk is designed and key risk indexes are selected can its cold chain logistics risk be measure accurately. In order to build a comprehensive index system to reflect the various levels of agriculture products cold chain logistics risk, we identify five basic principles to ensure the objectivity and reliability of the assessment results:
(1) Scientificity: the construction of the assessment index system must be combined with the basic characteristics of agricultural products cold chain logistics so that the final assessment results can scientifically and reasonably reflect the degree of the system risk on the premise of scientificity.
(2) Systematicness: the systematicness of assessment index system requires that each index can measure the degree of agricultural products cold chain logistics risk from different angles and dimensions.
(3) Hierarchy: since the system of the agriculture products cold chain logistics risk is an extremely complex body composed of multi-factor, multi-index, and multi-level, and the components of the system should be subdivided in accordance with the degree of influence for each index to build an intuitive and clear index architecture.
(4) Comparability: various indexes selected in the index system should be able to compare their risk transversely and highlight their own characteristics in order to increase the accuracy and authenticity of the assessment results.
(5) The availability of its data: because the ultimate goal of establishing index system is on its quantitative analysis, various indexes and their data should be readily available to get the corresponding objective assessment results.
Analysis of risk identification based on the decomposition method
The decomposition is such a method for process analysis that a complex system is decomposed into a plurality of relatively simple and concrete elements, subsystems or sub-thing and we can have a more in-depth understanding of the whole system through a detailed analysis of the elements. In order to identify the key risk elements of agricultural products cold chain logistics objectively and increase the generality of the index system, we introduce the decomposition method to analyze the vegetable cold chain logistics mode in the USA, which is the most representative of the agricultural cold chain logistics circulation mode around the world, and its vegetable will enter a complete chain constituted by "process precooling-controlled atmosphere cold storage-cold chain transportationrefrigerated sales-supermarket insulation-family freezer" immediately as soon as it is picked from the field. Through the in-depth analysis of its distribution model, we can find that this process is mainly composed of four links which are freeze cutting, freezing storage, transportation and distribution and cold storage sales. As shown in Figure 2 , this flow chart can be found that agricultural products chain logistics operation mainly involves four elements in the process of processing, storage, transportation and sale, which are technology application, organization and management, facilities and equipment, external environment. In order to further obtain the specific risk factors that affect agricultural products cold chain logistics system, a specific and comprehensive analysis of the constituent elements can be made. Details are as follows:
• Technology application: advanced technology and standard operating procedures will seriously affect the quality of agricultural products in the cold chain logistics process because the entire process chain logistics was required to be in a low temperature environment, for example, the condition of temperature control system and equipment will directly affect the temperature environment. The technology is needed in the whole process, such as preservation technology, process detection technology, packaging technology, temperature control technology and so on.
• Organization and management: it necessarily requires personnel involvement as long as there is a place of commodity circulation and transaction. However, an actual risk often happens associated with mishandling of a little detail, so personnel organization is one of the core constituent elements of agricultural products cold chain logistics system. The incidence of cold chain failures during per unit of time, the structure of human resources and professional level for employees should be all used to measure the quality of the personnel organization processes.
• Facilities and equipment: as a carrier for the whole process, facilities, and equipment is an integral component in agricultural products cold chain logistics. The main use of equipment in the process includes temperature control equipment, transport equipment, sorting equipment, processing equipment and storage devices, such as cold storage, refrigerated trucks, etc., and the road transport facilities and distribution centers integrated facility are also needed. These facilities and equipment play a very important role in the cold chain logistics throughout the process.
• External environment: agriculture products cold chain in the entire logistics process must be in contact with the external environment for the exchange of relevant information and energy, and the external factors mainly are the stability of supply and demand, road traffic congestion, weather and climate conditions, etc. The present stage of the "broken" phenomenon occurs frequently which is caused largely due to these external uncertainty factors.
The determination of assessment index
Through the above analysis and reference to the relevant literature, as well as consultation to experts, we determine four primary indexes to measure the size of the risk for agricultural products cold chain logistics system, and on this basis, subdivided them into 11 secondary indicators to construct the risk assessment index system, which are temperature control equipment (A1), detection equipment (A2), cold storage capacity (A3), transportation equipment (A4), delay rate during distribution (B1), wastage rate during distribution (B2), road traffic conditions (C1), the stability of the supply (C2), administration system (D1), the proportion of professional talents (D2), incidence of cold chain failure (D3). The concrete structure is shown in the figure below (Figure 3 ). In this index system, the delay rate of distribution can be measured by the ratio of the delay times to the total times. Similarly, the breakage rate of distribution process is equal to the ratio of the damaged goods volume to the total cargo volume in the process of delivery. Road traffic conditions mainly include the overall smooth degree of the road and the road construction standards. The structure of human resources will be an assessment according to the proportion of intermediate-senior professionals and the percentage of employees trained by professional knowledge. The incidence of cold chain failure can be defined as the ratio of cold chain failure times to the total circulation times per unit time.
4. Empirical research and discussion of findings 4.1 Sample selection and calculation In order to verify the reliability and applicability for this improved catastrophe progression risk assessment model, we regard fresh agricultural products cold chain logistics from Shuanghui Group and Beijing Xinfadi as the research object. By collecting the two companies' cold chain logistics related data and expert assessment results, as well as The Cold Chain Logistics Development Report published by China Cold Chain Committee in recent years, we get the related nearly five years data of Shuanghui and Beijing Xinfadi agricultural products cold chain logistics. Meantime we invite experts in the field of cold chain logistics to assess each index of cold chain and attribute weight vector (0.12, 0.12, 0.12, 0.12, 0.08, 0.08, 0.075, 0.075, 0.07, 0.07, and 0.07) can be obtained.
First of all, we can get the initial value of catastrophe membership function according to the Formulas (1) and (2) on the original data dimensionless processing. Then we should calculate the size of the importance for each index from same floor according to improved maximum deviation method and Formula (8), as well as the size of the total utility value corresponding to the upper index. The specific calculation results are shown in the Table I. The figures in parentheses represent the respective weight of each index or total utility value for upper index. Data of Shuanghui (SH) in 2010, for example, its calculation process is shown as follows.
Four indexes from the technical equipment system, A1, A2, A3 and A4, constitute the butterfly catastrophe model of non-complementary type, and the importance of them is A1 WA3 WA4 WA2. According to the Formula (11), we can calculate as follows: (Tables III and IV ) .
Discussion of findings
From the above results above we can get the relevant change trend of the total catastrophe subordinate function value nearly five years in SH and XFD like Figure 4 . Through horizontal and vertical comparison of the data, we can obtain the following information: In the past five years, the agricultural products cold chain logistics risk of SH and XFD have had a downward trend overall ( figure as follows: the higher the value, the lower the risk). But in contrast, the cold chain logistics risk of XFD is higher than SH every year and SH has a larger advantage in agricultural products cold chain logistics. Actually, SH ranked far higher than XFD according to the list of top 50 cold chain logistics enterprises issued by the China National Cold Chain Committee those years (SH ranked 4th, XFD ranked 48th), which also reflects the reliability of the model from the side. We can obtain something from the Figure 5 that the catastrophe progression value of upper indexes of SH and XFD is overall in a safe range of 0.8~1.0. However, compared to SH, there are still large gaps in technical equipment (A), product supply (B), personnel organization (D). In recent years, SH always has a better rank than XFD in the top enterprises list of China's Cold Chain Logistics released by China's Cold-chain Logistics Professional Committee. In fact, SH's cold chain logistics belongs to the transport type, which has higher request for cold chain operation. On the contrary, the XFD belongs to the inventory type of cold chain logistics, and the overall level of its cold chain logistics is relatively low.
In general, the above conclusions are consistent with the reality, so the improved catastrophe progression assessment model designed in this paper can be well applied in the research on the risk assessment of agricultural cold chain logistics. Observing the calculation process, we can also find that the method could reduce the subjectivity in the process of decision-making largely because it considers the variable weights and attribute weights between different indexes at the same time. On the other hand, the calculation process of this method is also relatively simple and convenient.
Due to the improved catastrophe progression method proposed in this paper introduces a new maximum deviation method which gets the weight of each index by calculating the ratio of the total deviation of a specific index and the total deviation of all indexes in the system, so if the data from more enterprises are used, the final conclusions also will be more scientific and reasonable. Therefore, the methodology in this paper can ensure its generality.
Conclusions
This paper contributes to provide a new risk assessment model for agricultural products cold chain logistics by introducing an improved catastrophe progression method which is a combination of catastrophe progression method and a new maximum deviation method. In addition, the risk assessment index system of agricultural products cold chain logistics designed in this paper also can reflect the key risk factors of agricultural products cold chain logistics system objectively and reasonably. This paper not only has great academic contribution, but also a good practical significance. On the one hand, this paper research on agricultural products cold chain logistics from the perspective of risk assessment, and a new quantitative calculation model is put forward. The content and method discussed in this paper can enrich existing academic research system of cold chain logistics and agricultural products cold chain logistics. On the other hand, by adopting this new risk assessment framework model, firms engaged in fresh agricultural products cold chain logistics can get on a periodic risk assessment to reduce their risk of cold chain logistics. This assessment framework model also has several implications for practitioners, especially for cold chain logistics managers, relevant management departments, and cold chain logistics management consultants. The improved catastrophe progression assessment model overcomes the limitation of subjective empowerment, and it increases the objectivity and scientificity in the process of cold chain logistics risk assessment. It will allow practitioners to have a better assessment and understanding of all the possible risks related to agricultural products cold chain logistics, or support decision makers to make the decision relate to agricultural products cold chain logistics activities. Actually, we select two enterprises from agricultural cold chain logistics (Shuanghui Group and Beijing Xinfadi) as examples of research, and the results show that the model proposed in this paper is effective and reliable.
Although this paper has achieved certain implications in the study of agricultural products cold chain logistics risk assessment, it still has been subject to some limitations. First, the number of secondary indicators which were decomposed by the same primary indexes must not more than 4 since catastrophe theory requests that the maximum number of control variables could not exceed 4 when there is only one state variable. As a result, the risk assessment index system designed in this paper could not reflect all the factors that affect agricultural cold chain logistics risk comprehensively. It is possible to miss some important indicators. Second, it is necessary to understand that different firms may face different practical problems, and they should have their own risk assessment system. Although this paper attempts to use the decomposition method to identify the risk factors of the most representative of the agricultural cold chain logistics circulation mode around the world (the vegetable cold chain logistics mode in the USA) and interviews to experts, it is difficult for the risk assessment index system to ensure its generality.
A number of topics may be identified that would merit further research. First of all, in order to increase the comprehensiveness of the index system, the different types of catastrophe system can be further researched in the future to develop a higher dimensional structural model of catastrophe progression (the number of control variables can be extended to 5 or 6). Second, the future research can focus on constructing a general risk assessment index system of agricultural products cold chain logistics to meet the demand of risk assessment from different companies. Third, this study is focused on a risk assessment model for agricultural products cold chain logistics and it does not provide any advice on how to prevent the risk and control the risk, so it is also a research direction in the future.
